Recent estimates show that nearly 32% of children in the United States are overweight, which is dramatically higher than the prevalence reported in the 1980s (ref. 1). Childhood obesity is associated with psychological, neurologic, pulmonary, gastrointestinal, circulatory, and endocrine conditions (2,3). Most pediatric obesity interventions are marked by modest changes in weight or adiposity and substantial relapse (4). More comprehensive assessments documenting specific behavior change are needed, eliminating methodology compromised by self-report and retrospective recall (5). Moreover, given exclusion criteria in many pediatric obesity trials, children with mood disorders (depression) and medical comorbidities (sleep problems) do not receive the interventions. Domains such as mood and sleep may be essential dimensions of assessment as mediators or moderators of weight-loss treatment. Therefore, we sought not only to examine the feasibility of adding methodologically sound technology to an empirically validated weightmanagement intervention, but also to examine interregulatory processes across behaviors (i.e., eating, physical activity (PA), mood, and sleep) in an objective manner.
Recent estimates show that nearly 32% of children in the United States are overweight, which is dramatically higher than the prevalence reported in the 1980s (ref. 1) . Childhood obesity is associated with psychological, neurologic, pulmonary, gastrointestinal, circulatory, and endocrine conditions (2, 3) . Most pediatric obesity interventions are marked by modest changes in weight or adiposity and substantial relapse (4) . More comprehensive assessments documenting specific behavior change are needed, eliminating methodology compromised by self-report and retrospective recall (5) . Moreover, given exclusion criteria in many pediatric obesity trials, children with mood disorders (depression) and medical comorbidities (sleep problems) do not receive the interventions. Domains such as mood and sleep may be essential dimensions of assessment as mediators or moderators of weight-loss treatment. Therefore, we sought not only to examine the feasibility of adding methodologically sound technology to an empirically validated weightmanagement intervention, but also to examine interregulatory processes across behaviors (i.e., eating, physical activity (PA), mood, and sleep) in an objective manner.
Ecological Momentary Assessment (EMA) is an innovative form of data collection that provides objective data on patterns of behaviors within a participant's natural environment. EMA helps to circumvent sources of bias inherent in other retrospective self-report measures (6) . In adults, multiple applications of EMA methodology have provided insight into food intake and maintenance of weight-related disorders (7) , and initial research has demonstrated its utility in pediatric samples with psychopathology (8) . Thus, EMA methodology may assist weight-loss efforts by clarifying the antecedents of participants' eating behavior (6), by improving accuracy of selfmonitoring (9) and by specifying the temporal relationships of the target behaviors (10) . The aims of this pilot study were to (i) examine the feasibility of utilizing EMA in overweight children participating in an empirically validated cognitivebehavioral weight-management intervention, and (ii) examine the relationship between EMA and weight (primary) and behavioral outcomes (secondarily; mood and sleep). To our knowledge, no studies have examined the utility of complementary EMA methodologies (phone calls and actigraphy) to measure interregulatory health processes in obese adolescents participating in a weight-loss trial. In this brief report, we discuss pilot data primarily regarding aim 1 (EMA utilization).
Methods
This study was conducted alongside the Weight Management Center at Children's Hospital of Pittsburgh and approved by the University's Institutional Review Board. Informed assent and consent were obtained from 20 English-speaking participants (11-19 years old, 80% white, 15% African American, mean BMI = 39). Exclusion criteria consisted of This study examined the feasibility of using Ecological Momentary Assessment (EMA) to examine important domains relevant to interregulatory health processes in overweight adolescent females in their natural environments. Participants were 20 overweight adolescent females engaged in a cognitive-behavioral and motivational interviewing intervention aimed at weight loss and improving mood (11-19 years old, 80% white, 15% African American, mean BMI = 39). During this EMA protocol, participants were asked to report their physical activity (PA), nutrition, mood, and sleep during 14 cellular phone calls over three extended weekends (Thursday to Monday). Simultaneously, participants wore an actigraph (armband and watch communicator) that provided instantaneous PA feedback (steps taken and kilocalories) and sleep parameters (duration and efficiency). EMA compliance rates for the armband and phone calls were 74.7 ± 0.3% and 64.2 ± 0.3%, respectively. Data from the armband and phone calls are presented to illustrate the depth of information acquired by utilizing this innovative methodology. Information focusing on nutrition, PA, and behavior change was presented in ~45-min sessions using cognitive-behavioral therapy and motivational interviewing followed by ~30 min of PA.
eMA-cellular phone methodology Similar to previous protocols (8), participants received calls from a trained staff member for three extended weekends across the intervention. Participants were called twice on weekdays and four times on weekends for a total of 14 calls between 4 pm Thursday and 9 pm Monday. Each call consisted of a brief structured interview to evaluate current eating, PA, affect, and social context and lasted between 5 and 10 min. Step count 39,873
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EMA-BodyMedia Sensewear device
The BodyMedia SenseWear Weight Management System (see Figure 1) acts as a metabolic monitor that allows for convenient collection of data to determine calories expended, PA duration and intensity, and sleep duration and efficiency. This device includes an armband that measures and stores data and a watch display that shows up-to-the-minute feedback (i.e., steps taken and calories burned). Additionally, the data can be downloaded to produce user-friendly charts that are helpful in goal setting.
RESultS And diScuSSion
Of the female adolescents (n = 20) who participated in this pilot study, mean armband and telephone compliance ( measured as the percent of time the armband was worn and percent of completed phone calls) were 74.7 ± 0.3% and 64.2 ± 0.3%, respectively. Figure 1 illustrates the depth of data obtained using this novel methodology across one participant's weekend. In this figure, actigraph recordings of PA and sleep parameters are shown, and accelerometer data demonstrate episodes of wakefulness and sleep via the sleep efficiency graph. Figure 1 also illustrates phone call data over the same weekend, thus elucidating temporal relationships across PA, eating, mood, and sleep. These health processes are then summarized to provide feedback to participants on their real-time activities.
To provide the most-effective weight-management interventions for children and adolescents, practitioners are encouraged to assess all factors that target weight-related behavior change. Tools that simultaneously measure these complex factors may further increase the efficacy of interventions. The ability to determine the temporal relationships among these complex interregulatory variables (e.g., whether a decrease in sleep efficiency results in lower levels of vigorous PA the subsequent day) has implications on which behaviors to target. The compliance rates in our pilot data for EMA calls (64.2%) and armband duration (74.7%) reveal the feasibility of using these methodologies for assessment of activity, mood, and sleep in a sample of overweight adolescent girls. Our findings should be interpreted in light of certain study limitations. The methodologies utilized in this pilot project require replication with a larger, more heterogeneous sample, and perhaps adding a control group who present as overweight with no mood or sleep disturbances.
The implications of this research suggest that technological devices that gather objective data have reasonably high compliance rates, and may inform measurement of treatment outcomes in adolescents who are obese. Further investigation is needed to determine whether including EMA in weight-loss interventions ultimately contributes to overall treatment efficacy.
